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I. Introduction 
7KHSRUW LQGXVWU\KDVEHHQUHFRJQL]HGDVDYLWDOVWHSLQWKHVXSSO\FKDLQ






DQGWKH8.LVQRH[FHSWLRQ7KH8.SRUW LQGXVWU\ WKHODUJHVW LQGXVWU\LQ
(XURSH LQKDQGOHGPLOOLRQ WRQVRIFDUJR ,PSRUWVDQGH[SRUWV
UHSUHVHQWRYHURI WKHYROXPHRI%ULWLVKIUHLJKW&RQWDLQHURSHUDWLRQV
KDYHEHHQJURZLQJDWD UDWHRIGXULQJ WKHSDVW WZRGHFDGHVGXH WR
JOREDOWUDGHEHWZHHQODUJHIDFWRULHVDQGFRPSDQLHV
3ULFHHIIHFWVODUJHO\GH¿QHIXHOXVHVWUDWHJLHVDQGFDQEHDOWHUHGE\VSHFL¿F
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II. Literature Review
1. Port’s optimization at the container port
$PDMRUFRQFHUQLQWKHSRUWLQGXVWU\KDVEHHQWKHLQFUHPHQWRIWKHQXPEHU
RIFRQWDLQHUV WKDW LQWHUQDOYHKLFOHVKDYH WRKDQGOH LQRUGHU WRRSWLPL]H





,Q DQHZFRQWDLQHU WHUPLQDO WKH V\QFKURQL]DWLRQRI LQWHUQDO YHKLFOHV










7KH RSWLPL]DWLRQ RI SRUWV LQYROYHV D YDULHW\ RI RSHUDWLRQDO DVSHFWV
LQFOXGLQJDSSURSULDWHFRQWDLQHUFUDQHVFKHGXOLQJSODQQLQJRSWLPL]DWLRQ




IRU WKH LQWHUQDO KDQGOLQJRI WKHLU YHKLFOHVZLWK WKHXOWLPDWHREMHFWLYH
RI LQFUHDVLQJSURILW2QHRI WKHPRVWFULWLFDODVSHFWV LQ WKLV UHJDUG LV WKH
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LQYROYHGLQHDFKYHVVHODWHDFKEORFNRYHUDVSHFL¿FSHULRGRIWLPH
7KHRSWLPL]DWLRQRISRUWVLQYROYHVWKHLPSOHPHQWDWLRQRIYDULRXVPHDVXUHV
WR LQFUHDVH SURGXFWLYLW\ DQG UHGXFH FRVWV%\ HYDOXDWLQJ WKH QXPEHUV





















2. Fuel consumption at the port industry
$Q LPSRUWDQW UHVRXUFHXVHGE\HTXLSPHQW DW WKHSRUWV IXHO KDVEHHQ
FRQVLGHUHGDQHVVHQWLDOSDUWRIWKHSURFHVVIRUKDQGOLQJRSHUDWLRQVE\XVLQJ
LQWHUQDOYHKLFOHV&RQVXPSWLRQRI IXHO LVQHFHVVDU\DW WKHSRUW LQGXVWU\
KRZHYHULW LVRQHRIWKHPRVWH[SHQVLYHUHVRXUFHVDORQJZLWKPDLQWHQDQFH
W\UHVDQG,7V\VWHPV7KHWRWDOIXHOFRQVXPSWLRQFRVW LVEHWZHHQDQG



















REWDLQLQJDJUHDW LPSURYHPHQW LQ IXHOFRQVXPSWLRQRSHUDWLRQVDQG&2















RI IXHO WKHSRUWRSHUDWLRQVDUH WU\LQJ WR LPSOHPHQWEDVLF LPSURYHPHQWV
RQ WKLV LVVXHKRZHYHU LW LVVRPHZKDWFRPSOH[GXH WR WKHQXPEHURI MREV
LQYROYHG&DUU\LQJH[WUDZHLJKWPDLQWDLQLQJWKHFRUUHFWW\UHSUHVVXUHDQGWKH
VDPHVSHHGVWRSSLQJEUHDNLQJKDUGXVLQJUHDVRQDEOHDFFHOHUDWLRQGULYLQJ
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3. Operations modeling at the port industry











2YHU WKHSDVW\HDUV UHVHDUFKLQ WKLVDUHDKDV LQFUHDVHGLQUHVSRQVHWR
UDSLGLQFUHDVHVLQFRQWDLQHUSURGXFWLYLW\7KHSRUWRI+DPEXUJLQ*HUPDQ\
DQG WKH(XURSH&RQWDLQHU7HUPLQDO LQ5RWWHUGDPHYLGHQFHDKLJK OHYHO
RISHUIRUPDQFHDV WKHFRQVHTXHQFHRI WKH LQWURGXFWLRQRIVWDWHRIWKHDUW
DXWRPDWLRQ ,QDGGLWLRQ WKHVHSRUWVDVZHOODVRWKHUVKDYHFRQWLQXDOO\
LQWURGXFHGQHZWHFKQRORJLHVDQGEHHQRSHQWRFRQWLQXRXVLPSURYHPHQWV
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HYDOXDWHUHOHYDQWYDULDEOHVVXFKDVOHDGWLPHVRSHUDWLRQDOWLPHVDQGGHOD\V











UDSLGO\ DQG HIIHFWLYHO\ DW VPDOO DQGPHGLXPVL]HGSRUWVKDV LPSURYHG
HI¿FLHQF\VSHFL¿FDOO\YLDWKHXVHRIVLPXODWLRQSURJUDPVLQDGGLWLRQWRDFWXDO
H[SHULHQFH7KLVDSSURDFKPD\LPSURYHWKHXVHRIKXPDQUHVRXUFHVYHKLFOHV








III. Current Fuel Consumption within Cargo Operations



















6WUDGGOHFDUULHUVDUH WKHPRVW LPSRUWDQWYHKLFOHVDW WKLVFRPSDQ\DQG




$VDFRQVHTXHQFHRI WKLVH[FHVVLYHFRQVXPSWLRQRI IXHOFRPSDQ\6 LV
DWWHPSWLQJ WRDFKLHYH LPSURYHPHQWVEDVHGRQ OD\RXWGLVWDQFHV WUDYHOOHG
PDLQWHQDQFHSURFHGXUHVDQGW\SHVRI MREVGRQHE\LQWHUQDOYHKLFOHV LQDQ
RYHUDOOHIIRUWWRUHGXFHIXHOFRQVXPSWLRQ
2. Factors of consumption for SC, TM, and ECH24)
7RDFKLHYHWKHREMHFWLYHRIWKLVVWXG\ZHIRFXVHGRQKLVWRULFGDWDVXFKDV
IXHOFRQVXPSWLRQDQGRSHUDWLQJ WLPHV7KHVH WZRYDULDEOHVDUHQHFHVVDU\
WRFDOFXODWH WKHIXHOFRQVXPHGRYHUDVSHFLILFSHULRGRI WLPH ,QDGGLWLRQ












WLPH7KLVPHDQV WKDW RXU IXHO FRQVXPSWLRQ ILJXUHV DUH UHOLDQW RQ WKH
6&6WUDGGOH&DUULHU707XJ0DVWHUV(&+(PSW\&RQWDLQHU+DQGOHU
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KRXUV\HDU   
$YHUDJHIXHOFRQVXPSWLRQ
OLWHUV\HDU   
$YHUDJHIXHOFRQVXPSWLRQ









3. Labor cost and running cost
7KHUHDUHRWKHUFRVWV WKDW WKHDQDO\VLVPXVWFRQVLGHU LQ WKLVFDVH WKH


































ZLWKDVWDQGDUGGHYLDWLRQ6'DWKRXUGXH WR WKHIDFW WKDW WKHSRUW
RSHUDWHVZLWKDPL[RIROGDQGQHZ6&VDQGD70FRQVXPHVKRXU
ZLWKDVWDQGDUGGHYLDWLRQRIKRXUGXHWRWKHUHGXFWLRQLQRSHUDWLRQDO
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4. Mapping of current process
+HUHZHH[SODLQWKHFXUUHQWRSHUDWLRQVDQGWKHPRVW LPSRUWDQWSURFHVVHV
DW WKH&RQWDLQHU7HUPLQDO LQ3RUWFRPSDQ\6*HQHUDOO\ VSHDNLQJ WKHVH
SURFHVVHVDUHFRQVLGHUHGE\ WKLVFRPSDQ\ WREHDQHVVHQWLDOSDUWRI WKH
WHUPLQDODQGFULWLFDO WRQRUPDOGDLO\RSHUDWLRQV$ILUPHUXQGHUVWDQGLQJ






,W LV LPSRUWDQW WRQRWH WKDW WKH WUDQVSRUWDWLRQ WLPHVRI WKLVDQDO\VLVYDU\
ZLGHO\GXH WR WKH ORQJGLVWDQFHVEHWZHHQGLIIHUHQWSODFHV LQVLGH WKHSRUW
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1. Empty container park




FDUJR W\SHV7KHDQDO\VLVZDVEDVHGRQ WKH WUDQVSRUWRIHPSW\FRQWDLQHUV
KRZHYHUWKHLPSURYHPHQWZDVWHVWHGE\PRYLQJDIXOOFRQWDLQHURIWRQVWR
VPRRWKWKHGULYLQJFRQGLWLRQVDQGWKHWUDI¿FLQWKHSRUW












)LUVW RI DOO WR LGHQWLI\ WKLV LPSURYHPHQW WKH DQDO\VLVZDVPDGHE\
HPSOR\LQJDQHZ]RQHORFDWHGQH[W WRWKHTXD\VLGH7KHLPSURYHPHQWZDV
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WHVWHGZLWKD70FRQGXFWLQJWKHVDPHRSHUDWLRQDVWKH6&,QWKLVFDVHWKH
70XVHGDVHPLWUDLOHUZLWK WKH LQWHQWLRQRIPRYLQJWKH ORDGHGFRQWDLQHU
%HVLGHVWKLVSURFHVVDWWKHHPSW\FRQWDLQHUSDUNZDVDQDO\]HGDWWKHFXUUHQW





WKLV LPSURYHPHQW WKH OD\RXWGRHVQRWQHHG WR LQFOXGH WKLVDUHD7KHQHZ
SURFHVVKDVEHHQH[SODLQHGLQÀRZGLDJUDPIRUPDVZHOODVÀRZGLDJUDPV
VXSHULPSRVHGRQWKHWHUPLQDOSODQ
$QRWKHU LPSRUWDQWSRLQW WKDW VSHFLILHVSRLQWVRQ WKHTXD\VLGHZDVXVHG
WRGHILQHWKHILQDOSRLQW$OOYHVVHOVKRZHYHUPD\KDYHGLIIHUHQWSRVLWLRQV
RQWKHTXD\GXHWR WKHVHTXHQFHDQGERRNLQJVRIDUULYDOV,Q WKLVFDVH WKH
UHVHDUFKGHILQHG WKUHHGLIIHUHQWSRLQWVDORQJ WKHTXD\ZLWK WKHREMHFWLYH
RI VPRRWKLQJ WKH WUDQVSRUW WLPHGXULQJ WKHGLVWDQFHV WUDYHOOHG7KHQHZ













2) Results of empty container park
7KH LPSURYHPHQWDW WKHHPSW\FRQWDLQHUSDUN LQYROYHV WZRRSWLRQV WR
LPSURYH WKHFXUUHQWSURFHVV ILUVW WKH LPSURYHPHQWSURSRVHVDQHZ]RQH
QH[W WRWKHTXD\VLGHVHFRQGO\ WKHFXUUHQW]RQHXVLQJDQHZDFFHVVURDGLV
SURSRVHG7KHIROORZLQJ WDEOH7DEOHH[SODLQV WKHVDYLQJVDFKLHYHGE\




,Q RUGHU WR XQGHUVWDQG WKHVH UHVXOWV LW LV LPSRUWDQW WR QRWH WKDW WKH
LPSURYHPHQWVDUHEDVHGRQWUDQVSRUWDWLRQWLPHKRZHYHURQWKHRWKHUKDQG
WKHVDYLQJVREWDLQHGDUHEDVHGRQWKHQXPEHURIPRYHPHQWVGXHWRWKHIDFW
WKDW WKHQHZSURFHVVKDVFKDQJHGDQ LQWHUQDOYHKLFOHZLWK WKHREMHFWLYHRI
WUDQVSRUWLQJPRUHWKDQRQHFRQWDLQHUGXULQJDVLQJOHWULS
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7KLV LPSURYHPHQWGHPRQVWUDWHV WKDW WKH HPSW\KDQGOHU WKDW ORDGV WKH
H[WHUQDOYHKLFOHVFXVWRPHUVPLJKW ORDGWKH70DW WKHVDPHWLPHZLWKRXW
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2. New operation pads
1) Improvements of new operation pads




























2) Results of empty container park
7KHUHVXOWVRI WKLV LPSURYHPHQWFRXOGGHPRQVWUDWHVDYLQJV LQ ILQDQFLDO
WHUPV E\ LQFOXGLQJ IXHO FRVWV ODERU FRVWV DQG UXQQLQJ FRVWV ,Q WKLV
VXEVHFWLRQ WKHUHVXOWVH[SODLQ WKHFRPSDULVRQEHWZHHQWKHFXUUHQWSURFHVV
DQGWKHSURSRVHGSURFHVV LQRUGHU WRGHPRQVWUDWHFOHDUO\ WKHSHUIRUPDQFH
RI WKHGDWDREWDLQHG8VLQJ WKLV LQIRUPDWLRQ FRPSDQ\6PD\FRQVLGHU





&XUUHQWSURFHVV 3URSRVHGSURFHVV 6DYLQJV\HDU 5HGXFWLRQ
)XHOFRVWV    
/DERUFRVWV    
5XQQLQJFRVWV    
Total() 389,711.88 330,237.27 59,474.61
7UDQVSRUWDWLRQ7LPH
VHFPRYH    
%\FRQVLGHULQJ WKHQHZSURFHVVDQGDVVLJQLQJ WKHDUHDVDW WKHFRQWDLQHU
SDUNVWRUDJH WKHSURFHVVFRXOGVDYHD\HDU,W LV LPSRUWDQW WR
UHFRJQL]HWKDWWKHVHVDYLQJVLQFOXGHWKHIXHOFRVWVWKHODERUFRVWVGULYHUDQG
WKHUXQQLQJFRVWVRIWKH6&0RUHRYHUGXHWRWKHIDFWWKDWWKHLPSURYHPHQW
ZDVEDVHGRQ WUDQVSRUWDWLRQ WLPH WKH UHGXFWLRQRI WKHVH W\SHVRIFRVWV LV
VLPLODUWKLVLVZK\WKHWRWDOFRVWKDVEHHQUHGXFHGE\2QWKHRWKHU
KDQG LIFRPSDQ\6HOHFWV WR LQFUHDVH WKHSURGXFWLYLW\DQG WKHQXPEHURI
PRYHPHQWVLQWKLVSDUWRIWKHFRQWDLQHUSDUNWKHVDYLQJFRVWVFRXOGLQFUHDVH
245







1) Improvements of driving skills
7KHFDVHDQDO\]HGLPSURYHPHQWV LQVHYHUDOZD\VYLD WKH LPSOHPHQWDWLRQ
RIGLIIHUHQWRSHUDWLRQVSURFHVVHVDQGKDQGOLQJYHKLFOHV7KHLPSURYHPHQW
GLVFXVVHGKHUHLQLVEDVHGRQGULYLQJVNLOOV LQYROYLQJWKHWUDLQLQJRILQWHUQDO
6&GULYHUVDWFRPSDQ\67KHFDVHGHVFULEHG LQ WKLV VHFWLRQ LOOXVWUDWHVD
VWUDWHJLFLGHDIRUWKHUHGXFWLRQRIIXHOFRQVXPSWLRQZLWKRXWWKHQHHGIRUDQ\
W\SHRI¿QDQFLDO LQYHVWPHQW WKLV LGHDPLJKWEHH[SORUHGWRGHYHORSVLPSOH
WHFKQLTXHVWRUHGXFHIXHOFRQVXPSWLRQE\HPSRZHULQJGULYHUVDQGFRPELQLQJ
WKHLUH[SHULHQFH
$QRWKHUQHZFRQFHSWKDVFRQWULEXWHG WR LQFUHDVHV LQSURGXFWLYLW\DQG





7KHIROORZLQJ WDEOHVKRZV WZRGLIIHUHQW WHDPV³'ULYHUV7UDLQHG´ LV WKH
WHDPWKDWUHFHLYHGLQVWUXFWLRQVZLWKWKHREMHFWLYHRIUHGXFLQJIXHODQGRQWKH
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7DEOH!6DYLQJVE\LPSOHPHQWLQJGULYLQJVNLOOV
'ULYHUVWUDLQHG 2WKHUGULYHUV 6DYLQJV 5HGXFWLRQ
0RYHPHQWVKRXU    
2SHUDWLQJWLPHKRXUV    
/LWHUVRIIXHOPRYHPHQW    
/LWHUVRIIXHO\HDU   
&RVWV\HDU   
7RWDOUHGXFWLRQ 






4. Heavy lift area
1) Improvements of heavy lift area
&RPSDQ\6KDVDKHDY\ OLIW DUHD WKLV DUHD LQYROYHV VRPHRI WKHPRVW
FRPSOH[RSHUDWLRQVGXHWRWKHW\SHVRIFDUJRKDQGOHV+RZHYHUWKHQXPEHU
RIPRYHPHQWV LVQRW UHSUHVHQWDWLYH IRU WKH FRPSDQ\ WKH FDVH LQYROYHV
GLIIHUHQWRSWLRQVRQWKHFXUUHQWOD\RXWWRUHGXFHWUDQVSRUWDWLRQWLPHLQWHUPV
RIIXHOFRVWVODERUFRVWVDQGUXQQLQJFRVWV




















2) Results of the heavy lift area
7KHLPSURYHPHQWKDVFRQVLGHUHGGLIIHUHQWSRVLWLRQVRIWKHKHDY\OLIWDUHDDW
WKHSRUWDQGWKHDQDO\]HGGDWDZDVFRPSDUHGZLWKWKH¿QDOUHVXOWVLQWHUPV
RIVDYLQJVDQGWUDQVSRUWDWLRQ WLPH,QDGGLWLRQ WR WKLV WKHUHVXOWVREWDLQHG
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7DEOH!5HVXOWVRIKHDY\OLIWDUHDLPSURYHPHQW




)XHOFRVW    
/DERXUFRVW    
5XQQLQJFRVW    
Total operation cost
(£/year) £16,565.11 £15,100.02 £13,172.73 £6,976.62
Saving cost
(£/year) £1,465.09 £3,392.38 £9,588.49
Reduction(%) 8.84% 20.48% 57.88%
7UDQVSRUWDWLRQWLPH
VHFPRYH    
)LUVWO\ WKHUHVXOWVGHPRQVWUDWHWKDW WKHUDLOZD\]RQHHYLGHQFHVWKHORZHVW

















$GGLWLRQDOO\ WKHVHYHKLFOHV UHTXLUH UHVRXUFHV VXFKDVSHRSOH IXHO DQG
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7KH UHVHDUFKGHVFULEHGKHUHLQSURSRVHVVHYHUDO LPSURYHPHQWVZLWK WKH
REMHFWLYHRI UHGXFLQJ IXHO FRQVXPSWLRQZLWKRXW DIIHFWLQJSURGXFWLYLW\
7KHVH LPSURYHPHQWVZHUH WHVWHG LQ WKH ILHOGXVLQJ WKHYHKLFOHV LQYROYHG
LQ WKHSURFHVV0RUHRYHU WKHVH LPSURYHPHQWVPLJKWKHOS WKHRSHUDWLRQV
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FXUUHQWDUHDDQGWKHQHZDFFHVVURDGWKHLPSURYHPHQWVUHGXFHGFRQVXPSWLRQE\
SHU\HDU
,QFRQFOXVLRQDOORI WKH LPSURYHPHQWVGHVFULEHGKHUHLQFRUUHVSRQG WR
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